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(54) RELD-EFFECT SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE 
SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a field-effect 
semiconductor device which can increase the capacity 
of a gate insulation film and suppress the leakage 
current. 

SOLUTION: The field-effect semiconductor device 
comprises a silicon substrate 1, the gate insulation film 
formed on the silicon substrate, and a gate electrode 8 
formed on the gate insulation film. The gate insulation 
film comprises a glass-like buffer layer 5, a rare earth 
oxide layer 6. and a dielectric layer 7 having a higher 
relative permittivity than the rare earth oxide, all formed 
in this order from the silicon substrate 1 side. 
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1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the electric field effect mold semiconductor device characterized by said gate 
dielectric film consisting of silicon substrate sides in the electric field effect mold semiconductor 
device possessing the gate electrode on a silicon substrate, the gate dielectric film on said 
silicon substrate, and said gate dielectric film by the vitrified buffer coat, the rare earth oxide 
layer, and the dielectric layer with specific inductive capacity higher than said rare earth oxide. 
[Claim 2] Said vitrified buffer coat is an electric field effect mold semiconductor device 
according to claim 1 which consists of Si3N4 and Si02, or matter that contains at least one sort 
of Ln (Ln is Sc. Y, La, and rare earth elements) further. 

[Claim 3] The electric field effect mold semiconductor device according to claim 1 or 2 with 
which said dielectric layer consists of Ti02. SrTi03. TiO (Ba, Sr)3, Ta 205, and at least one sort 
of W03, Zr02, Hf02, and LaAI03. 

[Claim 4] The electric field effect mold semiconductor device according to claim 1. 2. or 3 with 
which said rare earth oxide layer consists of at least one sort of Ln 203 (rare earth elements 
with which Ln contains Sc, Y. and La). 

[Claim 5] The electric field effect mold semiconductor device according to claim 1 to 4 whose 
thickness of said vitrified buffer coat is 0.2-2.0nm. 

[Claim 6] The electric field effect mold semiconductor device according to claim 1 to 5 whose 
thickness of said rare earth oxide layer is 0.5-4.0nm. 

[Claim 7] It is the process of the electric field effect mold semiconductor device which 
possesses the gate electrode on a silicon substrate, the gate dielectric film on said silicon 
substrate, and said gate dielectric film, and is characterized by forming by the chemicaHvapor- 
deposition method using the organic metal raw material with which said rare earth oxide layer 
and said dielectric layer contain each configuration element in the process of the electric field 
effect mold semiconductor device with which said gate dielectric film consisted of a vitrified 
buffer coat, a rare earth oxide layer, and a dielectric layer with specific inductive capacity higher 
than said rare earth oxide from the silicon substrate side. 

[Claim 8] The process of the electric field effect mold semiconductor device according to claim 
7 which forms said organic metal raw material in an organic solvent by the chemical-vapor- 
deposition method using the raw material solution dissolved or diluted. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
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3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the electric field effect mold 
semiconductor device formed in an'integrated circuit, and its process about the configuration of 
a semiconductor device. 
[0002] 

[Description of the Prior Art] The electric field effect mold semiconductor device is used for 
various electronic parts, and the cutback of the minimum processing dimension is advanced for 
high integration and low-cost-izing. In recent years, detailed-ization of MOSFET (Metal-Oxide- 
Semiconductor Field-Effect-Transistor) is in the situation which is at hand as Hasama even as 
for gate length smaller than 0.1 micrometers. Thin film-ization of Si02 gate dielectric film has 
been advanced in connection with this. However, if the thickness of Si02 thin film is set to 
1 .5nm or less, since it will originate in direct tunnel current and leakage current will increase, it is 
predicted that there is a limitation in thin film-ization. 

[0003] Then, the attempt referred to as transposing gate dielectric film to dielectric materials 
with a dielectric constant higher than the conventional material SiO 2 (specific inductive 
capacity 3.9) is made. 

[0004] As high dielectric materials, the titanium dioxide (Ti02) in which about 80 specific 
inductive capacity is shown, the strontium titanate (SrTiOS) in which about 200 specific 
inductive capacity is shown according to a perovskite crystal structure, the barium titanate 
strontium [(Ba, Sr) Ti03] in which about 300 specific inductive capacity is shown according to 
the still more nearly same perovskite crystal structure exist at the time of a rutile crystal 
structure. 

[0005] If these ingredients are used, the same gate capacitance as Si02 can be obtained 
thickening physical thickness about 75 times 50 times 20 times. For this reason, also when a 
component is made detailed according to a scaling law, it is thought that the leakage current 
between the gate electrode / silicon substrate by the direct tunneling in gate dielectric film can 
be suppressed. 

[0006] since a titanic-acid ghost, on the other hand, has thermal stability almost equivalent to 
Si02 — an interface steep between silicon substrates after heat treatment of film formation, 
crystallization, etc. — it cannot obtain — low [ of 1.5nm or more of physical thickness ] — Si02 
dielectric constant thin film will grow. Therefore, in spite of having used high dielectric materials, 
it is difficult to set Si02 conversion thickness to 1.5nm or less. 

[0007] Moreover, in high dielectric materials, such as W03 which has Ta 205 which has about 25 
specific inductive capacity, and about 300 specific inductive capacity, since it is inferior to 
thermal stability from Si02, Si02 still thicker thin film will grow. 

[0008] On the other hand, in JP,2000-281494.A news, the method of carrying out epitaxial 
growth of the rare earth oxide in the field (1 10) bearing on the silicon substrate of field (001) 
bearing, and carrying out epitaxial growth of the functional oxides, such as a ferroelectric (for 

example, Pb(Zr, Ti) 03), on it is indicated. 

[0009] Moreover, in JP.1 1-40683,A, the approach of carrying out the laminating of the reaction 
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prevention film and ferroelectric of cerium oxide as gate dielectric film is indicated. The rare 
earth oxide containing Sc 203, Y203. and La203 has the property which excelled Si02 in 
thermal stability. Therefore, there is effectiveness which controls the growth of Si02 by the 
silicon substrate interface. 

[0010] Moreover, a rare earth oxide has about ten to 20 comparatively high specific inductive 
capacity, therefore, the thing to consider as the laminated structure of the above-mentioned 
high dielectric materials and a rare earth oxide — low — it becomes possible to control growth 
of Si02 dielectric constant thin film. 
[0011] 

[Problem(s) to be Solved by the Invention] Distortion or a crack tends to enter according to the 
difference of a lattice constant with a substrate silicon substrate, or a coefficient of thermal 
expansion, and epitaxially grown gate dielectric film which is indicated by JP,2000--281494.A 
news has the trouble referred to as becoming the source of release of leakage current. 
[0012] Moreover, injunction of the silicon substrate shown in JP,2000-281494.A news and 
JP,1 1-40683,A news, and rare earth oxide, since the barrier height of an electronic conduction 
band is low compared with conventional Si02, there is a problem which said that leakage current 
became large. 

[0013] The object of this invention is to control the distortion or crack initiation by the 
difference of a lattice constant with a substrate silicon substrate, or a coefficient of thermal 
expansion, and offer the electric field effect mold semiconductor device which decreased the 
source of release of leak. 

[0014] Furthermore, the object of this invention is making the barrier height of an electronic 
conduction band high enough to a silicon substrate, and is in offer of the electric field effect 
mold semiconductor device which controlled leakage current. 
[0015] 

[Means for Solving the Problem] The summary of this invention which attains said object is as 
follows. 

[0016] Gate dielectric film is in an electric field effect mold semiconductor device to constitute 
from a silicon substrate side by the vitrified buffer coat, the rare earth oxide layer, and the 
dielectric layer with specific inductive capacity higher than said rare earth oxide. 
[0017] This vitrified buffer coat can buffer distortion by the lattice constant with the substrate 
silicon substrate which was a problem, and the difference of a coefficient of thermal expansion 
with a vitrified reason and an epitaxial film. Consequently, the distortion in a rare earth oxide 
layer and a dielectric layer is eased, the source of release of leak decreases, and it becomes 
possible to control leakage current. 

[0018] Moreover, it is in constituting a vitrified buffer coat from Si3N4 and Si02, or matter that 
contains at least one sort of Ln (Ln is Sc, Y, La, and rare earth elements) further. Si3N4 and 
Si02 have the high barrier height of an electronic conduction band, are constituting from these 
ingredients and have the description which can reduce leakage current substantially. 
Furthermore, a raise in a dielectric constant and eburnation become possible by at least one sort 
of Ln (Ln is Sc, Y, La, and rare earth elements) other than these ingredients being included. 
[0019] Moreover, it is in constituting from Ti02. SrTi03. TiO (Ba. Sr)3. Ta 205, and at least one 
sort of W03, Zr02 (specific inductive capacity 25), Hf02 (specific inductive capacity 1 5-40), and 
LaA103 as matter used for a dielectric layer, high, as shown here — by using the dielectric 
constant matter, physical thickness can be thickened and leakage current can be controlled 
further. 

[0020] Moreover, it is in a rare earth oxide layer consisting of at least one sort of matter of Ln 
203 (rare earth elements with which Ln contains Sc, Y. and La). From Si02, since thermal 
stability is high, all can control oxidation of a silicon substrate. 

[0021] Moreover, it is in being referred to as 0.5-4.0nm about the thickness of a vitrified buffer 
coat in 0.2~2.0nm and the thickness of a rare earth oxide layer. The dielectric constants of the 
vitrified buffer coat which constitutes the gate dielectric film of this invention, a rare earth oxide 
layer, and a dielectric layer are about six to about 10. ten to about 20, and 20 or more, 
respectively. Therefore, in order to acquire the property of 1 .5nm or less of Si02 conversion 
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thickness which is a target and to acquire the effectiveness as a buffer coat, the physical 
thickness of a vitrified buffer coat sets physical thickness of 0.2-2.0nm and a rare earth oxide- 
film layer to 0.5-4.0nm. 

[0022] Moreover, it is in forming a rare earth oxide layer and the above-mentioned dielectric 
layer by the chemical-vapor-deposition method using the organic metal raw material containing 
each configuration element. A chemical-vapor-deposition method can stop interface state 
density, a trap. etc. which degrade the property of an electric field effect mold semiconductor 
device to the minimum. The raw material has organic metal raw materials, such as an alcoholic 
system from which sufficient vapor pressure is obtained, beta-diketone system, and a cycle 
PENTA system. 

[0023] It is in forming the above-mentioned organic metal raw material in an organic solvent by 
the chemical-vapor-deposition method further again using the raw material solution dissolved or 
diluted. If it dilutes or dissolves in the organic solvent represented with a tetrahydrofuran or a 
methanol and is made a liquid raw material when a raw material is a solid-state, handling and 
mass production nature can be improved. 
[0024] . . 

[Embodiment of the Invention] Hereafter, an example explains this invention. 

[0025] [Example 1] Drawing 1 is type section drawing of MOSFET by this invention. In this 

example, the gate dielectric film of this invention was formed on the silicon substrate 1 in which 

the isolation insulator layer 2, the source field 3. and the drain field 4 were formed. 

[0026] If considered as the gate dielectric film of this invention, the lanthanum oxide was used 

for the rare earth oxide layer 6. and SrTi03 was used for the dielectric layer 7 for the silicon 

acid nitride at the vitrified buffer coat 5. Furthermore, the golden thin film was used as a gate 

electrode 8. 

[0027] The formation approach is shown below. After dipping in HF water solution diluted to 1% 
after washing a silicon substrate using the washing approach by the well-known organic solvent, 
the acid, an alkali solution, etc. for 30 seconds and removing the natural oxidation film, the 
substrate was washed by deionized water. After substrate washing was promptly conveyed to 
the vacuum chamber. 

[0028] First, the vitrified buffer coat was formed. The 0.5nm thermal oxidation film was formed 
by RTA (Rapid Thermal Annealing) processing at 800 degrees C among the hypoxia 
concentration ambient atmosphere. Then, the vitrified silicon acid nitride was obtained by 700- 
degree C heat treatment among the ammonia ambient atmosphere. 

[0029] Next. 20La3 thin film was formed by the chemical-vapor-deposition method as a rare 
earth oxide layer. The schematic diagram of the equipment is shown in drawing 2 . This 
equipment was always exhausted with the vacuum pump 22, and the wall surface of the thin film 
formation room 1 1 was heated at 100-250 degrees C at the heater 20 for thin film formation 
room heating. 

[0030] At the time of La203 thin-film formation, La(dpm)3 (Dipivaloylmethanato Lanthanum) 
organic metal was prepared by the concentration of 0.05-0.25 mols / L to the C4H80 
(tetrahydrofuran) reduction solvent, and it considered as the raw material liquid. La raw material 
liquid in La raw material container 14 was supplied at the rate of 0.1 - 3sccm using the liquid 
massflow controller. 

[0031] After setting the temperature of a carburetor 17 as 100-250 degrees C and gasifying a 
raw material liquid at a stretch, it conveyed by Ar carrier gas 1 98 - 500sccm. 
[0032] Next, after mixing material gas / Ar gas, the oxygen gas 2 from an oxygen cylinder 18 - 
800sccm, it introduced into the thin film formation room through the shower head 1 9. Set the 
pressure of a thin film formation room to 0.01 - 50Torr with the pressure control valve 21, it was 
made to grow up for 2 minutes, where the temperature of a silicon substrate 12 is heated at 
300-450 degrees C at the heater 13 for substrate heating, and 3nm of physical thickness was 
obtained. Moreover, after formation of 20La3 thin film, in order to remove a non-decomposed 
component, the 600-degree C postheat treatment was performed among nitrogen-gas- 
atmosphere mind. 

[0033] Furthermore, SrTi03 thin film was formed by the chemical-vapor-deposition method as a 
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dielectric layer. The liquid raw material which dissolved SKdpm) 2 (Pipivaloylmethanato 
Strontium) organic metal in the C4H80 organic solvent by the concentration of 0.05 - 0,25 
mol/L into Sr raw material container 15. and the liquid raw material which diluted Ti(i~OC3H7) 4 
(Tetraisopropoxy Titanium) organic metal with the concentration of 0.05 - 0.25 mol/L to the 
C4H80 organic solvent in Ti raw material container 1 6 were used. Each liquid raw material was 
supplied at the rate of 0.1 - 3sccm using the liquid massflow controller. 

[0034] After setting the temperature of a carburetor as 100-250 degrees C and gasifying a liquid 
raw material at a stretch, it conveyed by Ar gas 198 - 500sccm. 

[0035] Next, it introduced into the thin film formation room, after mixing material gas / Ar gas, 
oxygen reactant gas 2 - SOOsccm. It formed for 1 0 to 40 minutes, having set the pressure of a 
thin film formation room to 0.01 - 50Torr, and having used formation temperature as 300-450 
degrees C. and 8-33nm physical thickness was obtained. 

[0036] After formation of SrTi03 thin film, the 800-degree C postheat treatment was performed 
among the hypoxia ambient atmosphere for the purpose of clearance of crystallization and a 
non-decomposed component. In this case, since SrTi03 thin film will be easily returned if heat 
treatment in reducing atmosphere is performed, it is good to consider as a hypoxia ambient 
atmosphere or an inert atmosphere. 

[0037] In this way, on the formed gate dielectric film, further, with the vacuum deposition 
method, about lOOnm of golden thin films was formed, and MOSFET was formed. 
[0038] The silicon substrate was grounded and Si02 conversion thickness was computed from 
the C-V property at the time of making it change to a golden up electrode -2-2V. Consequently, 
Si02 conversion thickness was 1.4-2.0nm. 

[0039] To this MOSFET, the silicon substrate was grounded and the leak current value at the 
time of impressing the electrical potential difference of +1 V to a golden electrode was shown in 
drawing 3 . The good leak current characteristic of 1 0-3 A/cm2 - 1 0-6 A/cm2 was shown. 
[0040] As an example of a comparison, without forming a silicon acid nitride on a silicon 
substrate, 20La3 thin film and SrTi03 thin film were formed similarly, and 1.3-1.9nm of Si02 
conversion thickness was obtained. 

[0041] The silicon substrate was grounded, and it was shown in drawing 3 . having used the leak 
current value at the time of impressing the electrical potential difference of +1 V to a golden 
electrode as the example 1 of a comparison. By comparing with the result of this example, 
formation of a vitrified buffer coat shows that leakage current has been controlled. 
[0042] a chemical-vapor-deposition method advantageous to suppressing generation of the 
interface state density in an interface with a silicon substrate according to the gestalt of this 
example — using — 1 .5nm or less of Si02 conversion thickness — it is — and low — leakage 
current gate dielectric film can be obtained. 

[0043] [Example 2] The gate oxide of this invention was formed by the spatter. The case where 
the gate dielectric film which set to Y203 at SiYO and a rare earth oxide, and was set to Ti02 at 
the dielectric layer is formed in a vitrified buffer coat is shown. In addition, before formation of 
gate dielectric film, the substrate was washed like the example 1 , and it conveyed to the vacuum 
chamber promptly. 

[0044] First, the SiYO vitrified buffer coat was formed by the RF magnetron sputtering method 
using the sintered compact target of Si(0.8) Y(0.2) O. It was referred to as the argon gas ambient 
atmosphere of 0.1-10Pa. the substrate temperature of 300 degrees C. and RF power 800W, it 
formed for 30 seconds, and 0,4nm of physical thickness was obtained. 

[0045] Next. 20Y3 thin film was formed on the silicon substrate by the RF magnetron sputtering 
method. It formed in the target for 1 minute using 20Y3 sintered compact as the argon gas 
ambient atmosphere of 0.1-10Pa. the substrate temperature of 300 degrees C, and RF power 
800W, and 2.5nm of physical thickness was obtained. 

[0046] Furthermore, Ti02 thin film was formed on the silicon substrate by the RF magnetron 
sputtering method. It formed in the target for 1 - 5 minutes on condition that the argon gas 
ambient atmosphere of 0.1-10Pa, the substrate temperature of 300 degrees 0, and RF power 
800W using Ti02 sintered compact, and 6-1 9nm of physical thickness was obtained. Then, 700- 
degree C heat treatment was performed in the hypoxia ambient atmosphere for crystallization of 
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a titanium dioxide. 

[0047] In this way. on the formed gate dielectric film, further, with the vacuum deposition 
method, about lOOnm of golden thin films was formed, and MOSFET was formed. 
[0048] The silicon substrate was grounded and Si02 conversion thickness was computed from 
the C-V property at the time of making it change to a golden up electrode -2-2V. Consequently, 
1.4-2.1 nm of Si02 conversion thickness was obtained. 

[0049] To this MOSFET, the silicon substrate was grounded and the leak current value at the 
time of impressing the electrical potential difference of +1 V to a golden electrode was shown in 
drawin g 3 . The good leak current characteristic of 1 0-4 A/cm2 - 1 0-7 A/cm2 was shown. 
[0050] As an example of a comparison, without forming a vitrified buffer coat on a silicon 
substrate, only 20Y3 thin film and Ti02 thin film were formed similarly, and 1 .3-2.0nm of Si02 
conversion thickness was obtained. The silicon substrate was grounded, and it was shown in 
drawin g 4 , having used the leak current value at the time of impressing the electrical potential 
difference of +1 V to a golden electrode as the example 2 of a comparison. The comparison with 
the result of this example shows that leakage current has been controlled, as a result of forming 
a vitrified buffer coat. . , 

[0051] [Example 3] The production process of MOSFET which used the gate dielectric film of 
this invention is shown. In this example, it limits to MOSFET of n mold. 
[0052] What is necessary is to form n well and p well, although not illustrated, to have good 
control of striking p mold impurity and n mold impurity in any direction, respectively, and just to 
manufacture in the case of an ion implantation, in case advantageous CMOS is formed by low 
loss. Therefore, this invention is not limited to MOSFET of n mold. Moreover, it is not limited to 
the process performed by this example, either. 

[0053] as shown in drawi ng 5 , after [ first, ] the isolation insulator layer 102 forms a slot with a 
depth of about 0.4 micrometers in a silicon substrate 101 — a chemical-vapor-deposition 
method — Si02 thin film — the whole surface — forming — a degree — CMP (Chemical 
Mechanical Polishing) — by law, flattening was carried out and it produced. 
[0054] Next, about lOnm of buffer layers 103, such as silicon oxide, was formed in the silicon 
substrate surface by the oxidizing [ thermally ] method etc. This buffer layer carries out the role 
of the stopper at the time of etching the dummy gate formed at degree process. 
[0055] By the chemical-vapor^deposition method, it reached abbreviation 1 50, respectively and 
about 50nm of the polish recons 104 and the silicon nitrides 105 which are made into the dummy 
gate were formed. Subsequently, the resist pattern was formed with lithography, anisotropic 
etching of the parts other than a gate formation schedule field was carried out, and the dummy 
gate which consists of polish recon and a silicon nitride was formed. 

[0056] As shown in drawin g 6 , ion, such as As, was poured in by having used the formed dummy 
gate as the mask, and the n (-) diffusion layer 106 was formed. Then, about lOOnm of silicon 
nitrides was formed in the whole surface, anisotropic etching was performed further and the 
side-attachment-wall insulator layer 107 shown in drawin g 7 was formed. 

[0057] Ion implantations, such as As, were again performed by having used the dummy gate and 
a side-attachment-wall insulator layer as the mask, and the n (+) diffusion layer 108 with high 
impurity concentration higher than n (-) diffusion layer was formed. In this phase, activation 
annealing of a diffusion layer may be performed and activation annealing may be performed after 
each ion implantation. 

[0058] Thus, the field with which formed n (-) diffusion layer and n (+) diffusion layer were 
doubled serves as the source of the n mold MOSFET, and a drain. 

[0059] Next, the interlayer insulation film 109 was formed by the plasma chemistry vapor growth 
using a TEOS (Tetra Ethoxy Silane) raw material etc. to height extent of the silicon nitride of the 
dummy gate upper part, or the height beyond it. Then, as shown in drawing 8 . the polish recon 
which constitutes the dummy gate performed flattening with means, such as CMP, until it was 
exposed to the front face. 

[0060] As shown in d rawin g 9 , the polish recon exposed to the front face was etched, and HF 
processing removed the buffer layer further. By this, the slot for carrying out the laminating of 
gate dielectric film and the gate electrode was formed. 
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[0061] Next, the gate dielectric film of this invention was formed. First, the 0.5nm thermal 
oxidation film was formed by RTA (Rapid Thermal Anealing) processing at 800 degrees C among 
the hypoxia concentration ambient atmosphere. Then, it considered as the silicon acid nitride by 
700-degree C heat treatment in the ammonia ambient atmosphere, and as shown in drawing 10 , 
the vitrified buffer coat 1 1 0 was formed. 

[0062] Next, as shown in drawin g 1 1 , 2nm of 20Gd3 thin films was formed by the chemical- 
vapor-deposition method, and the rare earth oxide layer 111 was obtained. 20Gd3 thin film of 
2nm of physical thickness was formed in the raw material on the same conditions as an example 
1 using the liquid raw material which dissolved Gd(dpm)3 (Dipivaloylmethanato Gadorinium) 
organic metal in the C4H80 organic solvent by the concentration of 0.05 - 0.25 mol/L 600- 
degree-C heat treatment for 5 minutes was performed among inert gas for the purpose of 
clearance of the impurity in the film after formation of 20Gd3 thin film. 

[0063] Furthermore, Ti02 thin film of 1 0nm of physical thickness was formed by the chemical- 
vapor-deposition method as a dielectric layer 112. The liquid raw material which diluted Ti(i- 
OG3H7) 4 organic metal with the concentration of 0.05 - 0.25 mol/L to the C4H80 organic 
solvent was used for Ti raw material. 

[0064] After Ti02 thin-film formation, 700 degrees C and heat-of-crystallization processing for 5 
minutes were performed among hypoxia concentration. The vacuum deposition which can stop 
the interface state density which degrades the property of an electric field effect mold 
semiconductor device, a trap, etc. as the formation approach to the minimum may be used. 
Moreover, to use a spatter, it is necessary to control formation of interface state density by 
approaches, such as a paralleHzed (Collimated) spatter. 

[0065] Following the gate dielectric film of this invention, the gate electrode 113 was formed 
until the slot was buried thoroughly ( drawi ng 12 ). It formed in the gate electrode using the TiN 
thin film by the chemical-vapor-deposition method using TiGI4 material gas and NH3 reactant 
gas. 

[0066] Although the TiN electrode was used for the gate electrode in this operation, you may be 
any of the nitride of polish recon, a metallic element, and a metallic element, the silicide of a 
metallic element, and a noble-metals element. Moreover, the formation approach of a gate 
electrode has desirable chemical-vapor-deposition method and vacuum deposition which do not 
give a damage to the gate dielectric film formed at the before process. 
[0067] To use the spatter using the plasma state, it is necessary using means, such as a 
parallel-ized (Collimated) spatter, to control the damage to the gate dielectric film by the high 
energy particle. 

[0068] Next, in order to separate a gate electrode between components like drawing 13 , it 
etched. Then, although not illustrated, an interlayer insulation film, a contact hole, and wiring 
were formed with the well-known technique. 

[0069] MOSFET of n mold which used the gate dielectric film of this invention as mentioned 
above was formed. Si02 conversion thickness was computed from the Q-V property like 
examples 1 and 2. Consequently, it was 1.4nm of Si02 conversion thickness of the gate 
dielectric film in the gestalt of this operation. 

[0070] According to the gestalt of this operation, the gate dielectric film which has the property 
of 1.5nm or less by Si02 conversion thickness in MOSFET was able to be formed. Therefore, 
MOSFET suitable for high integration or low-power-ization has been offered. 
[0071] 

[Effect of the Invention] According to this invention, with constituting gate dielectric film from a 
vitrified buffer coat, a rare earth oxide layer, and a dielectric layer with specific inductive 
capacity higher than said rare earth oxide, since high-capacityHzing of gate dielectric film and 
control of leakage current are attained, the electric field effect mold semiconductor device which 
has gate dielectric film of 1.5nm or less of Si02 conversion thickness for which it is needed in 
gate length that it is larger than 0.1 micrometers can be offered. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1 ] It is type section drawing showing the structure of MOSFET of this invention. 
[ Drawing 2] It is the schematic diagram of the chemical-vapor-deposition equipment for forming 
the gate dielectric film of this invention. 

[ Drawin g 3] It is the graph which shows the relation between the Sid2 conversion thickness of 
the gate dielectric film of this invention, and leak current density. 

[ Drawin g 4] It is the graph which shows the relation between the Si02 conversion thickness of 
the gate dielectric film of this invention, and leak current density. 

[Drawing 5] It is type section drawing showing the manufacture process of the n mold MOSFET 
in which it has gate dielectric film of this invention. 

[ Drawin g 6] It is type section drawing showing the manufacture process of the n mold MOSFET 
in which it has gate dielectric film of this invention. 

[ Drawin g 7] It is type section drawing showing the manufacture process of the n mold MOSFET 
in which it has gate dielectric film of this invention. 

[Dra win g 8] It is type section drawing showing the manufacture process of the n mold MOSFET 
in which it has gate dielectric film of this invention. 

[Drawing 9] It is type section drawing showing the manufacture process of the n mold MOSFET 
in which it has gate dielectric film of this invention. 

[Drawing 10] It is type section drawing showing the manufacture process of the n mold MOSFET 
in which it has gate dielectric film of this invention. 

[Drawin g 1 1 ] It is type section drawing showing the manufacture process of the n mold MOSFET ^ 
in which it has gate dielectric film of this invention. 

[Dra win g 12] It is type section drawing showing the manufacture process of the n mold MOSFET 
in which it has gate dielectric film of this invention. 

[ Drawing 1 3] It is type section drawing showing the manufacture process of the n mold MOSFET 
in which it has gate dielectric film of this invention. 
[Description of Notations] 

1 [ — Drain field, ] — A silicon substrate, 2 — An isolation insulator layer, 3 — A source field, 4 
5 [ — Gate electrode, ] — A vitrified buffer coat, 6 — A rare earth oxide layer, 7 — A dielectric 
layer, 8 11 — A thin film formation room, 12 — A silicon substrate, 13 — The heater for 
substrate heating. 1 4 [ — Carburetor, ] — La raw material container. 15 — Sr raw material 
container, 16 — Ti raw material container, 17 18 — An oxygen cylinder, 19 — The shower head, 
20 — The heater for thin film formation room heating, 21 — A pressure control valve, 22 — A 
vacuum pump, 101 — Silicon substrate (p mold), 102 — An isolation insulator layer, 103 — A 
buffer layer, 104 — Polish recon, 105 [ — n (+) diffusion layer 109 / — An interlayer insulation 
film, 110/ — A vitrified buffer coat. 111 / — A rare earth oxide layer, 112/ — A dielectric 
layer, 113/ — Gate electrode, ] — A silicon nitride, 106 — n (-) diffusion layer, 107 — A side- 
attachment-wall insulator layer. 108 
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